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Results
Many preservation attempts have been made on the tusk that 
the University of Northern Iowa acquired. Due to the poor 
preservation attempts a lot of damage has happened and has 
caused the tusk to be in a way of disrepair. The Carver grant is 
very keen on the future preservation of the tusk. The 
sublimation of nucleobases will be able to help guide the type 
of preservation methods used in order to preserver the 
nucleobases and possible DNA still in the tusk. The extraction of 
nucleobases will not only help with the future preservation of 
tusk but it will also help to provide a potential family tree of the 
Mammut americanum founded in the area. 
Methodology
T C
• The sample, about 0.5 g, 
was loaded into a quartz 
tube by a secondary smaller 
quartz tube acting as a 
funnel.
• The funnel was washed 
after each sample.
• The quartz tube is then 
placed onto the vacuum line 
to be sealed under vacuum.
• The tube is sealed by using 
a natural gas torch. 
• The sealed tube was then 
placed into a tube furnace 
at 500 °C 
• The quartz tube is then 
taken out of the tube 
furnace after 10 minutes. 
• The first chromatogram below is a standard solution made up of 
nucleobases and is proof that the GC-QQQ method can detect 
nucleobases. A standard MS-method was used.
• When the PI for the non-moldy tusk was run, it showed very 
noisy signal due to the low concentration of nucleobases 
present in the tusk. The sensitivity of the PI was not good 
enough to be able to detect the nucleobases.
• With a more sensitive technique such as MRM nucleobases 
were detected but in very low concentration. 
• This result was repeated with a larger starting amount of 
non-moldy tusk (0.7998g). 
• With the larger starting amount of tusk, the nucleobase peaks 
grew in intensity. Thus the tusk still has nucleobases that might 
be DNA.
• The moldy lacquer layer MRM showed nucleobases present but 
at a higher intensity, which helps to confirm that the 
nucleobases that were found on the non-moldy tusk were from 
the tusk and not from unknown mold.
• GC-triple-quad 
parameters
• Start at 100°C and 
ramp to 270 °C by 10 °C 
per minute
• Hold time at 100 °C is 
1.5 minutes
• Hold time at 270 °C is 
6.5 min
The samples that were taken included the lacquer that had 
mold, the moldy tusk, and the non-moldy tusk. These samples 
were taken from the parts of the tusk that was falling off. The 
non-moldy tusk sample that was extracted from the core of the 
tusk. 
• The samples turns black 
and condensation form 
at the end of the tube 
when the sublimation is 
finished.
• The condensation would 
be removed by using 
small amounts of 
acetone and methanol.
• The solution would be 
dried under nitrogen in 
an oven and 
N-methyl-N-(tert-butyldi
methylsilyl)trifluoroacet
amide (MTBSTFA) and 
dimethylformamide 
(DMF) would be added 
to derivatize the sample
Nucleobases Retention 
time
Uracil (U) 11.5 min
Thymine (T) 12.5 min




Adenine (A) 16.9 min
Xanthine (X) 19.5 min
Guanine (G) 20 min
• Sample is injected and comes in contact with a nebulizer, this converts the sample to the gas 
phase.
• The gas phase sample is then injected onto the column.
• This sample is then carried onto the column by a carrier gas such as helium.
• The column is then heated to a specific temperature, and then this temperature is raised 
through the duration of the run. This is to be able to increase the vaper pressure of the less 
volatile compounds.
• Once on the column the more volatile compounds come of first and the less volatile compounds 
come off later. This time is referred to as the retention time of the compound.
• Once the compound comes off the column it comes in contact with a filament and is then 
ionized.
• These ionized compounds can then be manipulated by the triple-quadrupole depending on the 
selected method.




Figure 5: GC-QQQ diagram
Table 1: a list of 





In order to increase sensitivity, an MS/MS method was developed using a triple-quad GC/MS. A 
parent mass (†) was selected from the MS scan for each species and fragmented using CID 
removing extra species from the GC chromatogram that did not have those masses.
†
This had the dual effect of increasing signal to noise 
in both the GC data and providing an additional MS 
pattern for unique product identification. 
• Multiple Reaction Monitoring (MRM) is the most selective, 
sensitive, and has the highest resolution of all of the 
techniques used.
• MRM focuses on an even smaller range of masses than that 
of Product Ion Scan (PI).
• An MRM selects only two fragment peaks and focuses on 
looking for those two fragment peaks along with the parent 
peak. 
• One of the peaks an MRM focuses on is used to identify the 
compound and the other fragment is used to quantize the 
compound.
• Since MRM focuses on two fragment peaks it can increase 
the sensitivity and selectivity of the Chromatogram. These 
increases allow it to be able to detect peaks at very low 
concentrations.
Instrumentation
Figure 2: Tube furnace in Dr. 
Strauss’s Lab with sample.
Figure 1: Oxygen removal 
from the sample on 
vacuum line.
Figure 3: An image of the 
sample after the tube furnace.
• A derivatization step needed to occur in order to increase the volatility of the nucleobases 
that were being studied.
• This was done with MTBSTFA and DMF
Figure 4: Derivatization reaction with Hypoxanthine.
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